Int. J. Cancer: 118, 1481-1495 (2006)
© 2005 Wiley-Liss, Inc.

Carcinoma of the cervix and tobacco smoking: Collaborative reanalysis of
individual data on 13,541 women with carcinoma of the cervix and
23,017 women without carcinoma of the cervix from 23 epidemiological studies

International Collaboration of Epidemiological Studies of Cervical Cancer*

Tobacco smoking has been classified as a cause of cervical cancer,
but the effect of different patterns of smoking on risk is unclear.
The International Collaboration of Epidemiological Studies of
Cervical Cancer has brought together and combined individual
data on 13,541 women with and 23,017 women without cervical
carcinoma, from 23 epidemiological studies. Relative risks (RRs)
and 95% confidence intervals (CIs) of carcinoma of the cervix
in relation to tobacco smoking were calculated with stratification
by study, age, sexual partners, age at first intercourse, oral con-
traceptive use and parity. Current smokers had a significantly
increased risk of squamous cell carcinoma of the cervix compared
to never smokers (RR = 1.60 (95% CI: 1.48-1.73), p<0.001).
There was increased risk for past smokers also, though to a lesser
extent (RR = 1.12 (1.01-1.25)), and there was no clear trend with
time since stopping smoking (p-trend = 0.6). There was no associ-
ation between smoking and adenocarcinoma of the cervix (RR =
0.89 (0.74-1.06) and 0.89 (0.72-1.10) for current and past smokers
respectively), and the differences between the RRs for smoking
and squamous cell and adenocarcinoma were statistically signifi-
cant (current smoking p<0.001 and past smoking p = 0.01). In
current smokers, the RR of squamous cell carcinoma increased
with increasing number of cigarettes smoked per day and also
with younger age at starting smoking (p<0.001 for each trend),
but not with duration of smoking (p-trend = 0.3). Eight of the
studies had tested women for cervical HPV-DNA, and in analyses
restricted to women who tested positive, there was a significantly
increased risk in current compared to never smokers for squa-
mous cell carcinoma (RR = 1.95 (1.43-2.65)), but not for adeno-
carcinoma (RR = 1.06 (0.14-7.96)). In summary, smokers are at
an increased risk of squamous cell but not of adenocarcinoma of
the cervix. The risk of squamous cell carcinoma increases in cur-
rent smokers with the number of cigarettes smoked per day and
with younger age at starting smoking.
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Cervical infection with high-risk types of human papillomavirus
(HPV) is the main cause of most cervical cancers. Although many
women get infected with this virus, most do not go on to develop
cervical cancer. A number of other factors, such as tobacco smok-
ing, are therefore thought to be involved in the disease process.
The International Agency for Research on Cancer (IARC) has
classified tobacco smoking as a cause of cervical cancer.! How-
ever, it remains unclear how different patterns of use, such as
amount smoked or duration of smoking, affect a woman’s risk of
developing cervical cancer. Data on individual women from avail-
able epidemiological studies of cervical cancer and smoking
behaviour were brought together and reanalysed to study this rela-
tionship in detail.

Material and methods
Identification of studies and collection of data

The International Collaboration of Epidemiological Studies of
Cervical Cancer was set up primarily to study the effects of hor-
monal contraceptive use and other factors on the risk of cervical
cancer. Epidemiological studies with an outcome of invasive cer-
vical cancer or carcinoma in situ/cervical intraepithelial neoplasia
grade 3 (CIN3) and information on hormonal contraceptive use
were eligible for inclusion, and additionally, for the current paper,
studies had to have collected information on tobacco smoking sta-
tus (never/past/current smoker). Cohort (prospective) studies were
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eligible if they included at least 30 cases of invasive cervical can-
cer or carcinoma in sifu/CIN3 and case—control studies were eligi-
ble if they had at least 100 invasive cancer cases or 200 carcinoma
in situ/CIN3 cases. Studies were identified from review articles,
from computer-aided literature searches and from discussions with
colleagues. Efforts were made to identify all studies that included
relevant information, whether or not results on smoking behaviour
had been published. The principal investigators of all studies iden-
tified were invited to collaborate. A list of studies and references
was given to collaborators and they were asked whether they knew
of further studies; the principal investigators of those studies were
also invited to collaborate. Few additional studies came to light as
a result of these enquiries, and in view of the wide consultation it
seems unlikely that any substantial studies have been missed.
Analysis and presentation of the data were discussed by collabora-
tors at the first meeting of collaborators at Lyon, in November
2003, and subsequently.
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Individual subject information was collected and analysed cen-
trally to enable variables to be defined consistently across studies.
Cohort studies were analysed as nested case—control studies with
up to 4 controls (women without carcinoma of the cervix) selected
randomly per case according to age (*1 year). Data on socioeco-
nomic factors, smoking history, reproductive factors, sexual
behaviour, hormonal and barrier contraceptive use and Pap smear
history were collected and coded according to a standard format.
A measurement of HPV infection was collected if available.

Histological classification of cancers was based on that
described by the World Health Organisation (WHO) for tumours
of the uterine cervix,” using, where possible, the original ICD
codes reported for each woman. Invasive tumours, including those
reported as microinvasive, were classed as specified squamous cell
carcinoma, adenocarcinoma (including adenosquamous carci-
noma), other types for which histology was available (including
unspecified epithelial cancers, multiple types, e.g., squamous cell
with adenocarcinoma, and rare specified tumours) or ‘histology
unknown’. In situ cancers were classified as squamous cell
(including unspecified CIN3) or specified adenocarcinoma in situ.
Where invasive and in sifu were both present, the cancer was clas-
sified as invasive. Benign and secondary tumours, lesions classed
as CIN1 or CIN2, and mesenchymal, mixed epithelial/mesenchy-
mal, melanocytic, germ cell and lymphoid/haematopoietic neo-
plasms were excluded. In this report, ‘carcinoma of the cervix’ is
defined as including both invasive cervical cancer and carcinoma
in situ/CIN3. Also, as it is likely that at least 80% of the unspeci-
fied invasive cases would be squamous cell cancers, these cases
and the small number of invasive cases of other histological types
were grouped with specified squamous cell carcinomas.

Women who were aged <16 or >89 years at diagnosis/pseudo-
diagnosis (the date of interview or reference date for the controls)
were excluded (n = 7). Controls who had had a hysterectomy
were excluded because they are unlikely to have been at risk of
developing cervical cancer, as were all women who reported no
previous sexual partners, since they are unlikely to have been
exposed to cervical HPV infection (n = 27 cases and n = 2,324
controls). Women in the Johannesburg study who were HIV posi-
tive were also excluded.

For the majority of studies data on tobacco use was recorded as
smoking habits, and it was therefore assumed that all smokers
would have been tobacco smokers. Current smoking was defined
as smoking at the time of diagnosis or smoking that had stopped
less than a year before the date of diagnosis/pseudo-diagnosis.
Analyses restricted to HPV positive women were also conducted.
To maximise comparability between studies, analyses of HPV
data included only those women with a measurement of cervical
HPV-DNA by a PCR-based method. For these studies, ‘high-risk’
HPV types were as defined by Mufioz er al.> where possible, or as
had been defined in each study, and all these studies included tests
for HPV 16 and 18. Insufficient data were available to allow anal-
yses based on other methods of HPV detection.

Statistical methods and presentation of data

Conditional logistic regression was used to calculate relative
risks (RRs) and their corresponding 95% confidence intervals
(CIs). When only 2 groups are compared the RR of cervical cancer
and the associated CI are presented. However, when more than
2 groups are compared variances are estimated by treating the
RRs as floating absolute risks.* Use of floating methods does not
alter the estimates of RR, but yields floated standard errors and
floated CIs (FCls) that enable valid comparisons to be made
between any 2 exposure groups, even if neither is the baseline
group. The unfloated (i.e. ‘conventional’) Cls are quoted, however,
whenever results for all of the exposure groups are not presented
for comparison (e.g., when quoted in the text). Tests for trend
were carried out in smokers using the median time since stopping,
amount smoked, age at starting or duration of smoking in the con-
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trols within a given category as the level for that category. Hetero-
geneity tests were calculated using the method of weighted least
squares, with weights defined as the inverse of the variance of the
log RRs.

Women were stratified by study, and within study by centre and
by single years of age, to ensure that comparisons were only made
between women of the same age from the same study or centre.
All analyses were additionally stratified by age at first intercourse
(<18, 18-20 and >21 years), duration of oral contraceptive use
(never, <10 and >10 years use), number of full-term pregnancies
(0, 1-2, 34 and >5) and by lifetime number of sexual partners (1,
2-5 and >6). Finer stratification was not possible for number of
sexual partners because several studies had not collected more
detailed information on this variable. If studies had used alterna-
tive categorisations from these, then the midpoint of the alterna-
tive category was used to allocate the data to the categories given
above. Where studies or individual women were missing informa-
tion on any of these variables, they were included by creating a
category for ‘missing’ for the relevant variable. However, as a sen-
sitivity analysis of this assumption about missing data found that
the number of sexual partners was a highly significant confound-
ing factor, women without information on this key variable were
excluded from calculations of all summary RRs.

Many studies included shared controls for cases of invasive can-
cer and carcinoma in situ/CIN3 and for invasive adenocarcinoma
and squamous cell carcinoma. Therefore, where direct compari-
sons were made between cancer types (heterogeneity tests), a
case—case analysis was used.

Presentation of results

Where results are presented in the form of plots, RRs are repre-
sented by squares and their corresponding FCI/CIs by horizontal
lines. The position of the square indicates the point estimate of the
RR, and the area of the square is inversely proportional to the var-
iance of the logarithm of the RR, thus providing an indication of
the amount of statistical information available for that particular
estimate. Where summary RRs have been calculated, these are
shown as open diamonds, whose horizontal extent indicates the
95% FCI/CI.

Results

In total, individual data from 23°~° published studies were ana-

lysed, which included a total of 13,541 women with carcinoma of
the cervix (9,052 women with invasive cancer and 4,489 women
with carcinoma in situ/CIN3) and 23,017 women without carci-
noma of the cervix with data on smoking status (Table I). The
studies came from 4 continents, with approximately half of the
studies being from less developed countries. Median age at diag-
nosis for the invasive cancers was 46 years, whilst for the carci-
noma in situ/CIN3 cases it was 35 years. Histology was available
for all but 477 cases of invasive cancer, with 84% of specified
invasive cancers being squamous cell carcinomas and 15% adeno-
carcinomas. In general, histological type was not provided for the
cases of carcinoma in situ/CIN3, although there were 295 speci-
fied cases of adenocarcinoma in situ.

As well as information on smoking status, most of the studies
had also collected information on the age at starting and stopping
smoking, the duration of smoking and the average number of ciga-
rettes smoked per day. The percentage of controls who were cur-
rent smokers varied between studies from 0 to 60% (Table I). In
controls who had ever smoked, the mean number of cigarettes
smoked ranged in each study from 3 to 19 per day. In general, the
proportion of ever smokers and the average number of cigarettes
smoked per day was considerably higher in the studies conducted
in more developed countries, compared with those in the less
developed countries (47% compared to 13% and mean = 14 com-
pared to 8 per day, respectively).
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TABLE II - ASSOCIATIONS WITH SMOKING BEHAVIOUR AMONG THE CONTROLS: RELATIVE RISK (RR)' AND 95% ECI/CI OF BEING A

CURRENT OR PAST COMPARED TO NEVER SMOKER ACCORDING TO VARIOUS SUBGROUPS

Past/never smokers

Current/never smokers

Subgroup
n RR (95% FCI/CI) n RR (95% FCI/CI)

Number of sexual partners

1 731/8965 1.00 (0.91-1.11) 1188/8965 1.00 (0.90-1.11)

2-5 768/3621 2.09 (1.96-2.23) 1203/3621 1.84 (1.70-2.00)

>6 576/993 4.73 (4.19-5.34) 1168/993 3.61 (3.15-4.14)
Age at first intercourse

<18 838/3762 1.00 (0.91-1.10) 1757/3762 1.00 (0.93-1.08)

18-20 695/4313 0.66 (0.61-0.72) 1135/4313 0.53 (0.49-0.57)

>21 468/4888 0.48 (0.43-0.54) 660/4888 0.35 (0.32-0.38)
HPV

—ve 799/5071 1.00 1268/5071 1.00

+ve high risk 192/807 1.22 (0.99-1.50) 241/807 1.04 (0.86-1.26)°
Number of Pap smears

0 276/4966 1.00 645/4966 1.00

>1 1328/6425 0.96 (0.83—1.10) 2222/6425 1.39 (1.14-1.70)
Number of full-term pregnancies

0 480/2140 1.00 (0.88-1.14) 1110/2140 1.00 (0.89-1.12)

14 2081/10372 1.13 (1.08-1.18) 2862/10372 1.08 (1.04-1.12)

>5 353/3226 1.06 (0.90-1.24) 451/3226 1.12 (0.97-1.29)
Age at first birth

<19 357/2370 1.00 (0.89-1.12) 653/2370 1.00 (0.87-1.15)

19-22 817/4535 0.74 (0.69-0.80) 127974535 0.88 (0.81-0.96)

>23 1227/6164 0.46 (0.42-0.49) 1339/6164 0.75 (0.69-0.81)
Years full-time education

<10 635/7849 1.00 (0.83-1.20) 1174/7849 1.00 (0.87-1.14)

10-14 1680/5088 1.06 (1.00-1.12) 2592/5088 0.92 (0.87-0.97)

>15 537/1670 0.85 (0.75-0.95) 414/1670 0.42 (0.37-0.48)
Condom use

Never 1105/9227 1.00 1954/9227 1.00

Ever 796/3083 1.02 (0.89-1.16)* 1528/3083 0.82 (0.74-0.92)*
Duration of OC use

Never 1079/8225 1.00 (0.91-1.10) 1485/8225 1.00 (0.92-1.08)

<10 years 1469/6274 1.39 (1.29-1.48) 2378/6274 1.33 (1.25-1.41)

>10 years 325/985 1.55 (1.38-1.78) 484/985 1.80 (1.58-2.04)

'RR stratified by study and age.—2Where only 2 strata are available (e.g. never/ever) 95% ClIs are presented rather than FCIs.

In the controls, the likelihood of being a current or past smoker
was strongly related to the number of sexual partners and to the
age at first intercourse (Table II). However, there was no evidence
that current smokers were more likely to test positive for a high-
risk type HPV than never smokers. Controls who had used oral
contraceptives were also more likely to be current or past smokers,
whereas those who had a later age at first birth or more full-time
education were less likely to be current or past smokers.

Current smokers had a significantly increased risk of squamous
cell carcinoma compared to never smokers (summary RR for inva-
sive cancer = 1.46 (95% CI: 1.32-1.61) and for carcinoma in situ/
CIN3 = 1.83 (1.61-2.08), (Fig. 1a). The risks for past smokers
were lower (RR for invasive cancer = 1.05 (0.92-1.19) and for
carcinoma in situ/CIN3 = 1.32 (1.09-1.60), although there was no
trend with time since stopping smoking (p-trend = 0.6 and 0.5,
respectively) (Appendix A). (The CIs quoted in the text are ‘con-
ventional’ CIs and are therefore somewhat wider than the floating
ClIs given in the figures (see Material and Methods)). Neither cur-
rent nor past smokers were at increased risk of adenocarcinoma of
the cervix (current smoking RR for invasive adenocarcinoma =
0.92 (0.75-1.12) and adenocarcinoma in situ = 0.81 (0.57-1.16),
(Fig. 1b).

Although the RRs of squamous cell carcinoma in situ/CIN3 for
current and past smoking appeared to be somewhat higher than
the risks for invasive squamous cell cervical cancer, when these
cases were compared directly (in the studies in which such a com-
parison was possible), the differences were not statistically signifi-
cant (p = 0.7 and 0.7, respectively). Neither were there differen-
ces on case—case analysis between the risks for invasive and in situ
adenocarcinomas for current or past smoking (p = 0.3 and 0.4,
respectively). Hence, cases of invasive cancer and of carcinoma
in situ/CIN3 were combined in all subsequent analyses and are

referred to as carcinomas. The RRs for current and past smoking
for all squamous cell carcinomas combined were 1.60 (1.48-1.73)
and 1.12 (1.01-1.25) respectively (p-trend for time since stopping
in past smokers = 0.6); for all adenocarcinomas combined, the
respective RRs were 0.89 (0.74-1.06) and 0.89 (0.72-1.10). In a
case—case analysis, the differences between these risks for squa-
mous cell and for adenocarcinoma were statistically significant
(for current smoking p<0.001 and for past smoking p = 0.01). In
all subsequent analyses therefore, risks are presented separately
for squamous cell carcinoma and adenocarcinoma of the cervix.

To illustrate the effect of the 4 potential confounding factors for
which adjustment was made (lifetime number of sexual partners,
age at first intercourse, parity and oral contraceptive use), RRs
stratified only by age and study are also given in the figures. The
effect of including different stratification variables on the smoking
risks was investigated in the subset of women for whom data on
all potential stratification variables were available. Stratification
by sexual partners was the only factor that materially altered the
risks (Table IIla). When current smokers were compared to never
smokers, the RR for squamous cell carcinoma of the cervix was
1.78 (95% CI: 1.65-1.93) before stratification by the number of
sexual partners, and declined to 1.50 (1.38-1.63) after stratifica-
tion. The corresponding y5 value for smoking status declined by
60% from 222.4 to 92.4, indicating that number of sexual partners
is a major confounding factor in the relationship between smoking
and carcinoma of the cervix. The RRs for adenocarcinoma were
affected similarly, being reduced after stratification by number of
sexual partners, but not altered materially after further stratifica-
tion by any other available factor (Table IIIb).

In current smokers, the RR of squamous cell carcinoma

increased with increasing number of cigarettes smoked per day
(>15 per day versus never smoker RR = 1.98 (1.78-2.21),
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TABLE III - EFFECT OF ADDITIONAL STRATIFICATION BY POTENTIAL CONFOUNDING FACTORS ON THE RR (95% CI) OF CARCINOMA OF THE CERVIX'
IN RELATION TO SMOKING STATUS

Stratification variables RR (95% CD 7
Past vs. never smoking Current vs. never smoking
a) Squamous cell carcinoma?
Age + study 1.25 (1.13-1.39) 1.78 (1.65-1.93) 222.4
Age + study + sexual partners 1.11 (1.00-1.24) 1.50 (1.38-1.63) 92.4
Age + study + sexual partners + age at first intercourse 1.03 (0.91-1.16) 1.43 (1.31-1.56) 66.8
Age + study + sexual partners + age at first birth 1.02 (0.90-1.16) 1.34 (1.22-1.47) 40.0
Age + study + sexual partners + parity 1.15 (1.02-1.29) 1.50 (1.37-1.64) 78.4
Age + study + sexual partners + OC use 1.11 (0.99-1.24) 1.51 (1.39-1.65) 89.1
Age + study + sexual partners + pap smears 1.14 (1.02-1.28) 1.54 (1.41-1.68) 96.9
b) Adenocarcinoma
Age + study 0.96 (0.80-1.16) 1.09 (0.93-1.28) 1.8
Age + study + sexual partners 0.84 (0.69-1.04) 0.91 (0.77-1.08) 3.0
Age + study + sexual partners + age at first intercourse 0.78 (0.63-0.97) 0.87 (0.73-1.04) 5.8
Age + study + sexual partners + age at first birth 0.82 (0.65-1.02) 0.86 (0.71-1.04) 4.3
Age + study + sexual partners + parity 0.84 (0.68-1.05) 0.90 (0.75-1.07) 2.9
Age + study + sexual partners + OC use 0.78 (0.63-0.97) 0.90 (0.76-1.08) 5.3
Age + study + sexual partners + pap smears 0.88 (0.71-1.08) 0.92 (0.77-1.09) 1.9

Only women with available data on all vanables were included in these analyses.
"Includes invasive and carcinoma in situ/CIN3.— ’Includes all non-adenocarcinomas.

p-trend<0.001), whereas there was no evidence of such a trend for
past smokers (p-trend = 0.1) (Fig. 2). The risk of adenocarcinoma
was not related to amount smoked in current or past smokers (p-
trend = 0.3 and 0.07, respectively). There was also evidence of an
increasing risk of squamous cell carcinoma with decreasing age at
starting smoking for current smokers, but not for past smokers
(RR for age at starting <16 years compared to >20 years = 2.00
(1.77-2.27), p-trend<0.001 and 1.17 (0.95-1.43), p-trend = 0.7,
respectively) (Appendix B). However, there was no evidence of
an association between risk of squamous cell carcinoma and dura-
tion of smoking (p-trend = 0.3 (current smokers) and 0.4 (past
smokers), Fig. 3). The risk of adenocarcinoma was not associated
with age at starting or duration of smoking (p-trend=0.9 and 0.3
(age at starting) and 0.3 and 0.2 (duration) in current and past
smokers, respectively).

There were 8 studies with a PCR-based measure of cervical
HPV-DNA (Table I). On average, in these studies, 68% of cases
tested positive for high-risk HPV-DNA (study range=38-99%)
and the studies with lowest proportions of cases testing positive
were the earlier studies, conducted when the tests were less sensi-
tive. In analyses restricted to the women from these studies who
tested positive for a high-risk HPV type, the pattern of risk of squ-
amous cell carcinoma with respect to smoking status was similar
to that seen for all women in these studies (Fig. 4a). There was a
significantly increased risk of squamous cell carcinoma in current
smokers (RR = 1.95(1.43-2.65)) and a lower risk in past smokers
(RR = 1.64 (0.99-2.72)). The CIs in this analysis are relatively
wide due to the small number of controls who had ever smoked
and who tested positive for HPV-DNA (n = 290). Thus, even in
this large dataset, it was not possible to perform detailed analyses
of smoking behaviour in HPV positive women. This was also a
problem for the analysis of adenocarcinoma risk, as there were
only 31 adenocarcinoma cases who had ever smoked and
who tested positive for HPV-DNA (RR for current versus past
smoking = 1.06 (95% CI: 0.14-7.96)) (Fig. 4b).

Figure 5 shows the study-specific results for the risk of squa-
mous cell carcinoma for current and past smoking compared to
never smoking. There was significant heterogeneity between the
studles with respect to the risk associated with current smoking
(x 18 = 75.1, p <0.001), at least half of Wthh was accounted for
by heterogeneity according to study design (x% = 40.9, p < 0.001)
and this heterogeneity was not reduced by additional adjustment
for amount smoked (data not shown). The population-based case—
control studies had the highest summary RR and the hospital-based
case—control studies the lowest (current versus never smoking
RRs = 2.03 (1.79-2.29) and 1.20 (1.06—1.36), respectively). There

was no significant heterogeneity between the individual study
results for adenocarcinoma with respect to past or current smoking
(p = 0.6 and 0.3, respectively) (Appendix C)

Discussion

This pooled analysis of individual data from 23 epidemiological
studies is the largest and most detailed investigation to date of the
risk of carcinoma of the cervix in relation to tobacco smoking.
The results provide evidence that current smokers, compared to
never smokers, are at a significantly increased risk of developing
squamous cell cervical carcinoma and that this risk increases with
the number of cigarettes smoked per day and with decreasing age
at starting smoking. Past smokers had a lower risk of squamous
cell carcinoma than current smokers, but there was no trend in risk
with time since stopping smoking. The pattern of risk for smoking
was similar for invasive cervical cancer and for carcinoma in situ/
CIN3. Squamous cell carcinomas account for about 80% of cases
of cervical cancer in most populations; most of the remaining
cases are adenocarcinomas. Smoking was not found to increase
the risk of adenocarcinoma of the cervix.

The studies that were combined in this pooled analysis
included about 70% of the published worldwide data on smoking
and cervical cancer. Seven case—control studies were eligible but
were not included because the data were not available,**™
RRs and CIs were published for 4 of these studies and the sum-
mary RR for current smoking was 1.73 (95% CI: 1.21-2.46).
Since the results from the studies that were not included were
broadly similar to the findings from those studies that were
included, their omission is unlikely to have biased the results pre-
sented here.

There was significant heterogeneity between the results from
different studies and between study designs, with the highest RRs
for current smoking in the population-based case—control studies
and the lowest in the hospital-based case—control studies. A possi-
ble reason for this is that smokers were overrepresented in the con-
trols in the hospital-based case—control studies due to inclusion of
women with smoking-related conditions, and underrepresented in
the population-based case—control studies due to the reluctance of
smokers to participate in such studies. Also, as 78% of the women
who reported only 1 sexual partner were in hospital-based case—
control studies, it is possible that the differences according to
study design were related to confounding by sexual partners.
However, in subgroup analyses according to number of sexual
partners (1, 2-5, >6), the differences according to study design
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were still present. For example, for the subgroup of women who
reported 1 sexual partner, the RRs for current versus never smok-
ing were 1.75 (95% CI: 0.73-4.19) for cohort studies, 2.27 (1.71-
3.01) for population-based case—control studies and 1.11 (0.95-
1.30) for hospital-based case—control studies. Therefore confound-
ing by number of sexual partners does not seem to be the main
reason for the differences in the results according to study design.

In several recent studies of smoking and cervical cancer, the
emphasis has been on the potential confounding between smoking
and cervical HPV infection, the main cause of cervical cancer.
The approach used in those studies was to restrict analysis to
women who tested positive for cervical HPV-DNA. In the current
study there was evidence of a significantly increased risk of squa-
mous cell cervical carcinoma for current smokers in analyses
restricted to women who tested positive for a high-risk HPV type.
However, most studies only test for HPV-DNA at one point in
time, and because controls who test positive at one point in time
are more likely to have a transient infection, whereas cases are
likely to have a persistent infection, this could be a biased measure
of HPV infection. Restriction to women who test positive for HPV
also restricts the posed scientific question to be whether or not
smoking increases the risk of disease progression in women who
are already infected with HPV. However, smoking could act to
increase the risk of cervical cancer at other stages of the natural
history of the disease, for example by increasing the probability of
becoming infected given exposure to HPV, or of developing a per-
sistent cervical HPV infection. In this paper, the main aim was to
investigate the broader question of whether smoking increases the
risk of cervical cancer in women who are equally likely to have
been exposed to, rather than infected with, HPV. This was investi-
gated by stratification by number of sexual partners, the main
determinant of exposure to HPV. This stratification substantially
reduced the magnitude of the association between smoking and
squamous cell carcinoma, and as the reported number of number
of sexual partners is not an ideal measure of exposure to HPV and
was categorised relatively crudely (1, 2-5 and >6), there is likely
to be some residual confounding with respect to exposure to HPV.

In current smokers, the risk increased with younger age at start-
ing smoking, but was not associated with duration of smoking.
This may seem surprising, as duration of smoking is often defined
as current age or age at stopping smoking minus age at starting
smoking. However, in many of these studies, duration of smoking
was reported by the woman rather than calculated as described
above. Although this allows for periods of cessation to be taken
into account, it also tended to result in rounding of reported dura-
tion (e.g., 5 years, 10 years, etc.). It is possible, therefore, that
duration of smoking was reported less accurately than age at start-
ing smoking and that this variability obscured an association;
alternatively it is possible that smoking duration does not inde-

1491

pendently influence the risk of developing the disease. It was not
feasible to differentiate between these 2 possibilities on the basis of
the current epidemiological evidence. Also, although the risk in past
smokers was lower than that in current smokers and overall there
were no clear trends with respect to amount smoked or age at start-
ing smoking in the past smokers, there was some heterogeneity in
results according to study design. Therefore the risk associated with
past smoking and how quickly the risk might decline after stopping
smoking remain uncertain.

Some other epithelial cancers, for example those of the nasal
cavity, the oesophagus and possibly the lung, also appear to show
differences between squamous cell and adenocarcinoma in rela-
tion to smoking, with the effect of smoking being greater for squa-
mous cell tumours.’ However, the lack of an association between
adenocarcinoma of the cervix and current smoking does raise the
question of whether there is a particular bias that affects the 2 his-
tological types differently. As the main cause of all cervical can-
cers is the sexually transmitted HPV,*” it is unlikely that differen-
ces in confounding by number of sexual partners are responsible
for the observed differences between the risks of squamous cell
and adenocarcinoma of the cervix with respect to smoking.
Another potential confounding factor is a previous history of cervi-
cal screening, since most cervical screening techniques are less
effective at detecting adenocarcinomas than squamous cell carcino-
mas.*® For the observed difference between the RR of current
smoking and these 2 histological types to be due to differential
screening, current smoking would have to be associated with
decreased attendance at cervical screening. Although detailed
screening histories were not available for these studies, there
was no evidence in the controls that women who had had previous
Pap smears were more or less likely to be current smokers than
women who had not had previous Pap smears (Table I), and addi-
tional stratification by this variable had very little effect on the
RR of squamous cell carcinoma or adenocarcinoma for current
versus never smokers. Hence, the observed difference between the
effects of current smoking on the risk of squamous cell and adeno-
carcinoma of the cervix does not seem to be due to confounding by
screening.

In conclusion, this pooled analysis of data from about 14,000
women with carcinoma of the cervix suggests that women who are
smokers have an increased risk of developing squamous cell but
not adenocarcinoma of the cervix. The risk of squamous cell carci-
noma increased in current smokers with the number of cigarettes
smoked per day and with younger age at starting smoking. How-
ever, because of the significant heterogeneity between studies and
the likelihood of residual confounding with respect to exposure to
HPV infection, the magnitude of this risk remains uncertain and
the contribution that tobacco smoking makes to the worldwide
burden of cervical cancer cannot be accurately quantified.
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